The effects of age on sulfur-containing amino acid (SAA) requirement of broilers were studied using body weight gains and feed conversion ratio as main criteria.
Introduction
Since the percentage of sulfur-containing amino acids (SAA) in protein in plant feedstuffs practically used is lower than that in the body protein of broilers (NRC, 1984) , the SAA are often deficient as lysine is in the broiler feed. Among them, methionine has been able to be supplied industrially since the 1940 s. There have been conducted many studies to determine the exact requirement of SAA. However, there is a great difference in SAA requirement among the reports published after 1970, ranging from 0.47 to 0.85% JENSEN et al., 1989; THOMAS et al., 1986) . This is reasonable, because the amino scid requirement is affected by various factors such as species, age, and physiological conditions of animals, digestibility of protein and criteria employed. It is well documented that, as
shown by the NRC (1984) and Japanese Feeding Standard for Poultry (1984) , the requirements of crude protein (CP) and amino acid in growing animals decrease with maturity.
In male White Leghorn, the methionine requirement expressed as a percentage of diet decreased with age (ISHIBASHI and KAMETAKA, 1985) . However, concluded that the methionine requirement of growing chicks for the maximum weight gain remained constant, rather than decreased, with increase of age. Methionine is rather deficient, and very seldom excessive in the diet. However, it is as toxic as phenylalanine and tryptophan in chicks (KATZ and BAKER, 1975; EDMONDS and BAKER, 1987; OKUMURA and YAMAGUCHI, 1980; OKUMURA et al., 1980 ). Among the above factors, the effects of age on SAA requirement of broilers were studied by determining body weight gain and feed conversion ratio as main criteria.
Materials and Methods 1. Animals. Experiment 1: One-day-old female chicks of Arbor Acres strain were purchased from a commercial hatchery and fed a commercial diet containing 0.96 % of SAA (0.60% of methionine and 0.36% of cystine), 23% of CP and 3,200 kcal/kg of metabolizable energy (ME) for the first 4 days after hatching. After that, they were weighed and those with similar body weight were assigned to 6 experimental groups of 4 chicks each so that the average initial weight and range in weight were the same in each group. The spared chicks were fed the commercial diet continuously.
During assay period, the chicks were confined in individual wire cages in a thermocontrolled room and fed the experimental diet and water ad libitum. On the 10th and 20th days on the experimental diet, that is, when the chicks were 14 and 24 days old, body weight gain and feed intake were recorded. On the 24th day after hatching, the spared chicks were allotted to 6 experimental groups of 3 chicks each in the same way as above and supplied with the same experimental diet for further 20 days. They were raised in wire cages individually for 20 days in a thermo-controlled room. The body weight and feed intake were recorded on the 10th and 20th days on the experimental diet, that is, when the chicks were 34 and 44 days old. Experiment 2: One-day-old female chicks of Arbor Acres strain were obtained from a commercial hatchery. For four days, the chicks were fed a commercial diet and water ad libitum. Thereafter, they were weighed and divided into 6 experimental diet groups of 5 chicks each with similar average body weight. They were raised in wire cages individually in a thermo-controlled room. On the 10th day, that is, when the chicks were 14 days old, after recording body weight and feed consumption, all chicks were mixed with the spared chicks and fed a commercial diet for 7 days. On the 21st day after hatching, the chicks were allotted to 6 experimental groups of 4 chicks each in the same way as above and supplied with the same experimental diet for further 10 days. OHTSUKA and YOSHIHARA (1975) .
Results
The body weight gain and feed conversion ratio of broilers in Experiment 1 are shown in Table 2 . The body weight gain increased and then tended to decrease without a significant difference with the increase of methionine addition in all experimental periods. The maximum body weight gain was achieved at 1.14, 1.11 and 1.12% of dietary SAA levels from 4 to 14, 14 to 24 and 4 to 24 days, and 1.03, 0.99 and 1.00% of dietary SAA levels from 24 to 34, 34 to 44 and 24 to 44 days, respectively. The feed conversion ratio at the lowest SAA level did not fit to a linear line. Except this point, it decreased and reached the minimum levels at 1.18, 1.08 and 1.10% of dietary SAA Table 2 . Effects of dietary methionine and cystine levels on body weight gains and feed conversion ratios of broiler chickens from 4 to 14 and 24, and 24 to 34 and 44 days in Experiment 1.
: Means within the same rows with no common letters are significantly different (P<0.05). : Means within the same rows with no common letters are significantly different (P<0.05).
levels from 4 to 14, 14 to 24 and 4 to 24 days, and 1.05, 1.02 and 1.03% from 24 to 34, 34 to 44 and 24 to 44 days, respectively. The results obtained in Experiment 2 are shown in Table 3 . The body weight gain and feed conversion ratio showed the same tendency as in Experiment 1. The maximum body weight gain was achieved at 0.97% from 4 to 14 days and at 0.89% from 21 to 31 days. The feed conversion ratio reached the minimum level at 0.97% from 4 to 14 days and at 0.93% from 21 to 31 days.
The average requirements estimated from body weight gain and feed conversion ratio are plotted against experimental days in Fig. 1 . They decreased with increase of age in both experiments. However, the values in Experiment 1 were higher than those in Experiment 2.
Discussion
The experimental period employed in literatures was different from one researcher to another. In order to determine amino acid requirement of broilers, it is recommended that the experimental period covers whole life of broilers. As shown in Fig. 1 , the SAA requirements determined for 10-and 20-day periods decreased with increase of age as observed in male White Leghorn (ISHIBASHI and KAMETAKA, 1985) . However, reported that total SAA requirement for the maximum body weight gain remained constant rather than decreased, with increase of age. They suggested that the SAA contents in chicken feathers were higher when compared with other tissues and the constant requirement might reflect the intense growth of feathers during the time period of 2 to 8 weeks of age. In fact, feathers contain much cystine and their amount increases linearly with age. In growing animals, the consumption of diet increases with the development of the digestive tract. In this case, the SAA consumed with diet were more than the When amino acid increased as dietary CP level increased, there was no agreement as to whether the ratio of amino acid requirement to CP level decreased (MORRIS et al., 1987; ROBBINS, 1987; EASTER and BAKER, 1980) , remained constant (KOIDE et al., 1989; KOIDE et al., 1990) or increased (D'MELLO and LEWIS, 1970) . From 4 to 14 days, this ratio was calculated to be 5.62 (1.16/20.65) in Experiment 1 and 5.22
(0.97/18.59) in Experiment 2. In the present experiments, the ME differed very widely, and the amount of dietary consumption was not the same. The comparison had to be made on the same ME diets. Furthermore, reported that total SAA requirement estimated on the methionine and cystine diet was less than that on the only methionine diet. In this report, the content of cystine was constant, that is, 0.313% in Experiment 1 and 0.271% in Experiment 2, but that of methionine varied gradually. This difference might affect the SAA requirement in this report. The relationship between methionine and cystine on the performance of broilers will be discussed elsewhere.
When dietary SAA exceeded the requirement level, the body weight gains tended to decrease, without a significant difference, with the increase of methionine addition in all experimental periods. It indicated that the toxic level was higher than that used in this study.
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